Diabetes is a chronic disease that affects millions of people around the world. Although conventional medicine is available, it is usually accompanied by serious side effects such as gastrointestinal problem. Thus, the search for alternative medicine from natural sources is of primary importance. Context: The study is concerned with Caesalpinia sappan L. found in the vicinity of Baybay City, Leyte Philippines. Furthermore, it deals with ethanolic and aqueous extracts of the bark only. It was conducted to determine the alpha-glucosidase inhibitory activity of C. sappan to provide evidence to support its efficacy as a folkloric medicinal plant. Aims: This work aimed to evaluate the alpha-glucosidase inhibitory activity of aqueous and ethanolic bark extracts of Sibucao (Caesalpinia sappan L.) and to partially fractionate its bioactive compounds. Settings and Design: Extracts were prepared in increasing concentration to get IC 50 values. Samples were analysed in triplicate both for extracts and fractions collected from chromatography. Methods and Material: Caesalpinia sappan L. bark samples were collected from the vicinity of Visayas State University. Plant materials were dried, weighed and stored. Aqueous and ethanolic bark extracts were prepared using water and 20% ethanol. The total phenolic content of the extracts were determined and the α-glucosidase inhibitory activity of crude bark and aqueous extracts were measured using the method of Kim et al., 2011 . Partial fractionation of bioactive compounds was done successively using gradient elution. The α-glucosidase inhibitory activity of fractions were then determined and Rf values of active compounds were measured using thin layer chromatography (TLC). Results: Results revealed that aqueous extract (2000 ppm) and ethanolic extract (2000 ppm) show high α-glucosidase inhibitory activity of 100% and 59% respectively. IC 50 values of aqueous and ethanolic extract were found to be 300.52 ± 1.467 ppm and 1560.81 ± 2.582 ppm, respectively. TLC of fractions show 7 peaks for aqueous extract and 6 peaks for ethanolic extract in which compound with Rf value 0.70 had the highest inhibitory activity of 65%. Conclusions: Taken together, the high α-glucosidase inhibitory activity of aqueous extracts support the effectiveness of C. sappan L. bark decoctions. In addition, results from bioassay-guided fractionation can be used as an effective tool for further isolation and characterization of α-glucosidase inhibitors from Caesalpinia sappan L. in the Philippines. 
INTRODUCTION
Conventional medicine of diabetes mellitus available in the market today work by inhibiting α-glucosidase and α-amylase enzymes. 1 Plant extracts are known to possess many therapeutic properties including aglucosidase inhibitors.
2 Sibucao (Caesalpinnia sappan L.) a plant native to the Philippines has been traditionally used by local healers in the Philippines 3 and Southeast Asia 4 to cure various ailments. This study was conducted to determine the α-glucosidase inhibitory activity of C. sappan L. bark extracts, compare enzyme inhibitory activity of aqueous and ethanolic extracts of C. sappan L. bark and partially purify and test bioactive compounds responsible for α-glucosidase inhibition.
Subjects and Methods
Chemicals α-glucosidase (Saccharomyces cerevisiae), 4-Nitrophenyl α-D-glucopyranoside (PNPG), Dimethylsulfoxide (DMSO), Standard gallic acid and Acarbose (≥95%) were purchased from Sigma-Aldrich, Singapore. Anhydrous sodium carbonate (Na 2 CO 3 ) and Folin-Ciocalteu's phenol reagent were purchased from Merck Millipore, Philippines.
Collection of bark samples
Bark samples of Sibucao (Caesalpinia sappan L.) were collected from verified samples within the area of the Visayas State University, Baybay City, Leyte, Philippines. This was done by scraping portions of the bark off the trunk or the branch of the tree. Only the bark part of the tree was used in this experiment.
Preparation of aqueous and ethanolic crude bark extracts
The collected bark samples were washed with distilled water and ovendried at 40 o C for 24 hours. The weight of fresh sample and the weight of dried sample were recorded and percent moisture was determined prior to extraction. Aqueous and ethanolic extracts were prepared using the method of Jyothi et al., 2011. 5 One hundred grams of dried and ground bark was macerated with 500 mL of solvent, sterile distilled water for aqueous extract and 20% ethanol for ethanolic extract, in a heavy duty homogenizer for 15 minutes. The suspension was filtered through a double layer muslin cloth and then centrifuged at 5000 rpm for 15 minutes. The supernatant was filtered using Whatman no.1 filter paper and the extracts were concentrated using a speedvac concentrator at 40 o C and then preserved aseptically at 4 o C until further use. Prior to the assay, the extracts were filtered using a 20 micron filter to remove possible microbial contaminants.
Total phenolic content of plant extracts
Crude extracts were reconstituted with dimethylsulfoxide (DMSO) and total phenolic concentration of sample was determined using the method by Singleton et al.,(1999) 6 with some modifications. Standard gallic acid solutions of 12.5 ppm, 25 ppm, 50 ppm, 100 ppm, 200 ppm and 500 ppm concentrations were prepared. About 0.5 mL of the sample was added with 2.5 mL Folin-Ciocalteu solution (1:10 dilution with water) and 2.5 mL Na 2 CO 3 (75 g/L). The mixture was allowed to react for 30 min at 25 o C. Absorbance was read at 765 nm using UV-Vis spectrophotometer and concentration of extract were determined using the standard calibration curve.
Evaluation of alpha-glucosidase inhibitory activity
The method used to evaluate the inhibitory activity of C.sappan was based on Kim et al. (2011) . 7 Concentrated aqueous and ethanolic extracts were reconstituted with distilled water and DMSO, respectively, at 100 ppm, 500 ppm, 1000 ppm and 2000 ppm concentrations. Extracts (50 µL, at different concentrations) were incubated with α-glucosidase (50 µL, 0.5 Units/mL) and 0.2 M potassium phosphate buffer (50 µL, pH 6.8) at 37 o C in a waterbath for 15 min. Then, 100 µL of 3 mM p-nitrophenyl glucopyranoside (PNPG) was added as substrate. The reaction was incubated again for ten minutes and then stopped by the addition of 750 µL of 0.1 M Na 2 CO 3 . The absorption of 4-nitrophenol, a product after reaction, was measured at 405 nm using a UV-Vis spectrophotometer. Reaction mixture without the sample served as negative control and reaction mixture without the substrate served as blank. This experiment was performed in triplicate. Acarbose was used as positive control. The percentage inhibition of α-glucosidase was computed as follows:
Inhibition rate (%) = {1-(Abs S-Abs B)/ Abs C} x 100 where: Abs S = absorbance of the experimental sample, Abs B = absorbance of the blank Abs C = absorbance of the negative control
Chromatographic separation of bioactive compounds using column chromatography (Shiny et al., 2013) 8
Crude extracts were evaporated in vacuo using a speedvac and the concentrate (pellet) was resuspended in absolute ethanol, at 1:1 ratio. Glass chromatographic column (15 cm long and 1.5 cm diameter) was prepared using silica gel (packed 9.0 cm long) equilibrated with three column volumes of hexane. Gradient elution with increasing polarity was done and fifteen fractions of one mL volumes each were collected. Table  1 shows the solvent systems used and the corresponding fraction num-
ber. Fractions were further tested for its α-glucosidase inhibitory activities using the previously described inhibition assay.
Thin layer chromatography (Shiny et al., 2013)
For thin layer chromatography, fractions were evaporated in vacuo using a speedvac and the resulting concentrate was resuspended in ethanol. Silica gel 60 F 254 plate (20 cm x 20 cm) was used as the stationary phase and hexane and ethanol in a 9:1 ratio was used as the mobile phase. The samples that were used are the solvent alone and fractions collected. The samples (2µL) were spotted on TLC plates at an equal distance of one cm. Thereafter, the plates were viewed in UV light at 245 nm and spots were properly documented. Rf values were calculated after viewing the chromatogram using the formula
RESULTS

Moisture content of plant sample
After oven-drying at 40 o C for 26 hours the bark extract had a moisture content of 36.80%. Moisture content analysis of a plant sample is important since it indicates the quality of material. In addition, when extracting phytochemicals from plant sample it is necessary to use dried samples as to inhibit the degradation of compounds and to aid in long term storage or preservation of sample. 9 
Total phenolic content
The phenolic content of aqueous and ethanolic extract was determined to have a baseline concentration of phenolic compounds in the sample. Phenolic content was used as basis of varying concentration since most α-glucosidase inhibitors derived from plant extracts are phenolic in nature. 10, 11, 12 Moreover, flavonoids have also been known to possess hypoglycemic activity. 13 Alpha-glucosidase inhibitory activity of aqueous and ethanolic extracts Table 3 shows the α-glucosidase inhibitory activity of ethanolic and aqueous extracts at phenolic concentrations of 100 ppm, 500 ppm, 1000 ppm and 2000 ppm. The IC 50 value for ethanolic extracts is 1569.81± 2.582 ppm and for aqueous extracts is 300.52 ± 1.467 ppm.
extracts at different concentrations Figure 1 shows the graphical representation of the alpha-glucosidase inhibitory activity of aqueous and ethanolic extracts at different concentrations. Furthermore, it shows the dose-dependent response of the extracts Table 4 illustrates the α-glucosidase inhibitory activity of the positive control Acarbose at different concentrations. The evaluation of alphaglucosidase inhibitory activity of acarbose was done to assess the validity of assay used. The concentration of Acarbose needed to inhibit α-glucosidase activity by half is 0.02043 ppm.
Bio-assay guided fractionation of aqueous extracts
To fractionate bioactive compounds, column chromatography was done using 15 solvent sytems and 15 fractions from aqueous extract were collected. Figure 2 shows the thin layer chromatogram (TLC) of the collected aqueous fractions while Table 5 shows the corresponding fraction number, inhibitory activity, Rf value and solvent system used in chromatographic separation of aqueous extracts.
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Bio-assay guided fractionation of ethanolic extracts
Column chromatography yielded 15 fractions from ethanolic extract as well using 15 solvent systems. Table 6 shows the corresponding fraction number, inhibitory activity, Rf value and solvent system used in chromatographic separation. Figure 3 shows the thin layer chromatogram (TLC) of the collected ethanolic fractions.
DISCUSSION
Total phenolic content Table 2 shows that the phenolic content of ethanolic extract is 3.5 times higher (6516 ppm) than the aqueous extract (1826 ppm). Ethanol has a polar and non-polar end which makes it an ideal solvent for the extraction of secondary phytoconstituents such as phenolics since it can extract both polar and non-polar components. The solubility of phenolics in water is also lower compared to ethanol which contributes to more phenolics being extracted by ethanol compared to water.
Alpha-glucosidase inhibitory activity of aqueous and ethanolic extracts
Results revealed a dose-dependent response because increasing the concentration of ethanolic and aqueous extracts increased the inhibitory activity to 59.72% and 100%, respectively. Likewise, in terms of half maximal inhibitory concentration (IC 50 ) which is the concentration needed for the sample to inhibit α-glucosidase by 50%, Table 3 shows that ethanolic extract has a higher IC 50 value of 1560.81 ppm compared to aqueous extract with IC 50 value of 300.52 ppm. This suggests that the inhibitory activity of aqueous extract is higher compared to the inhibitory activity of ethanolic extracts. Figure 1 shows the linear relationship between concentration and α-glucosidase inhibitory activity of aqueous and ethanolic bark extracts. The increasing inhibitory activity (%) directly related to the increase in concentration of phenolic compounds implies that there is a dosedependent response of the extract and that the phenolic components in the extract are highly responsible for its α-glucosidase inhibitory activity. This narrows down the possible class of compound which the α-glucosidase inhibitor belongs. In addition, figure 2 also indicates that aqueous extracts generally have higher α-glucosidase activity compared to ethanolic extracts. This is consistent with the half maximal inhibitory activity values. This further suggests the polarity of inhibitor compound present in the extract.
Bio-assay guided fractionation of aqueous extracts Table 5 shows the increasing α-glucosidase inhibitory activity of fractions 1-11, wherein fraction 11 has the highest inhibitory activity of 65.01%. In addition, TLC of these fractions shows the presence of clear single spots with Rf value of 0.70. This suggests the presence of α-glucosidase inhibitors separated from other compounds in the extract. Fraction 12 showed a decrease in α-glucosidase inhibitory activity while fractions 13, 14 and 15 show a negative α-glucosidase inhibitory activity. This indicates that these fractions no longer contained α-glucosidase inhibitors. TLC of fraction 12 shows a slightly lower spot compared to previous fractions with an Rf value of 0.63 while fractions 13-15 show multiple spots with Rf values of 0.18, 0.58, 0.67, 0.85 and 0.95. Since these fractions were collected in the later part of elution, they may already contain wash residues, pigments and other flow-through components which are not α-glucosidase inhibitors but larger molecules that might mask the activity of the α-glucosidase inhibitor activity. Furthermore, in this study, only inhibitory activities of clear fractions were considered, since turbid fractions collected at the later part of fractionation contained background noise that are most likely pigments and wash residues. Multiple possible bioactive and non-bioactive components were identified in the extract using results of bioassay guided fractionation with Rf values of 0.18, 0.58, 0.63, 0.67, 0.70, 0.85 and 0.95.
Bio-assay guided fractionation of ethanolic extracts
Fractions one to five collected in the early stages of separation showed low inhibitory activity while fraction 6 showed negative inhibitory activity. TLC of these fractions shows a combination of compounds with Rf values of about 0.57, 0.63, 0.79 and 0.94. The negative and low inhibitory activities of these fractions might be attributed to the presence of several compounds in the fraction as observed in the number of spots detected. Ethanolic extract contains more non-polar components compared to aqueous extracts, and these non-polar components might have masked the activity of α-glucosidase inhibitors. This is evident in the low and negative inhibitory activities of fractions one to six collected from non-polar solvent systems. Fractions 8 to 12, collected from mid to highly polar solvent systems showed consistently high inhibitory activities with maximum inhibitory activity of 65.39%. In addition, TLC of these fractions show single spots with similar diameter and appearance and with an average Rf value of 0.70. Since these fractions possess high α-glucosidase inhibitory activity they have high potential as α-glucosidase inhibitors. Fractions 13 and 14 show a decrease in inhibitory activity reaching highly negative values indicating that these fractions do not contain α-glucosidase inhibitors. Similar to purification done with aqueous extracts, fractions collected that were turbid were not considered. TLC of these fractions show a tailing spot with average Rf value of 0.65. Tailing spot implies poor separation of components which may need alternative solvent system for separation.
Implications
The search for sources of alpha-glucosidase inhibitors from indigenous plants is a strategy employed in this study to provide an alternative treatment for diabetes mellitus. It was shown from the results presented that the aqueous extract from the barks of Sibucao possessed high inhibitory activity suggesting that water decoctions from the bark maybe enough to extract its medicinal property. This result is also consistent with the IC 50 value which measures the activity of the enzyme. The Rf value of 0.70 for the isolated fraction also indicates the property of the inhibitor that may provide us with information on its potential iden- tity and biological properties. Furthermore, the result of this separation is also useful for future characterization of the inhibitory compound. Taken together, this study has shown evidence of the potential of Sibucao as a natural source of α-glucosidase inhibitor for treatment of diabetes and offers an explanation of why local "herbal healers" recommend this plant to remedy the said ailment. 
CONCLUSION
